Introduction {#S0001}
============

Breast cancer was the most common cancer in women all over the world.[@CIT0001] During 2012--2016, worldwide breast cancer incidence rate slightly rose (by 0.3% per year).[@CIT0001] Breast cancer is characterized by the continuous growth of malignant mammary gland cells, and generally classified into estrogen receptor-negative (MDA-MB-468) or estrogen receptor-positive (MCF-7) subtypes.[@CIT0002]--[@CIT0004] Evidence has been shown that ductal carcinoma in situ, inflammatory breast cancer, invasive ductal carcinoma, and metastatic breast cancer are the main types of breast cancer.[@CIT0005] Recent years, surgical resection, radiotherapy and chemotherapy are the main treatment options for patients with breast cancer.[@CIT0006] However, the prognosis and survival rate in advanced-stage patients remain unsatisfactory.[@CIT0007] Therefore, it is urgently needed to explore novel treatment options for breast cancer.

Previous studies indicated that epigenetic modifications are participated in various biological processes.[@CIT0008],[@CIT0009] In addition, epigenetic reprogrammings have been shown to be involved in various human diseases, including breast cancer.[@CIT0010] DNA methylation, histone modification, and chromatin remodeling are the major types of epigenetic modifications.[@CIT0011] Among of these, DNA methylation at cytosine guanine (CpG) sites is a major form of epigenetic modification.[@CIT0012] DNA methylation process is the addition of the methyl group at the carbon 5-position of cytosine within a CpG dinucleotide.[@CIT0013] It has been shown that DNA methylation located in a gene promoter normally acts to inhibit gene transcription.[@CIT0014] Yari et al indicated that patients with breast cancer were reported to have higher levels of DNA methylation compared to normal individual.[@CIT0015] In addition, some researches indicated a marked relationship between the methylation level of gene and susceptibility to breast cancer.[@CIT0015],[@CIT0016] Moreover, the promoter methylation is closely associated with the gene expression, and some DNA methylation markers have been proven to have prognostic value.[@CIT0017]

In this study, differentially methylated CpG sites were screened using Illumina Infinium Methylation EPIC BeadChip between breast cancer tissues and adjacent normal tissues. Our data found that the CpG sites (cg218995965 and cg24862548) in the HOPX promoter region showed significantly higher methylation in breast cancer tissues than that in the adjacent tissues. Therefore, the aim of this study was to investigate the role of HOPX in breast cancer, along with the potential mechanisms, thus offering therapeutic strategy for the treatment of breast cancer.

Materials and Methods {#S0002}
=====================

Patients' Samples {#S0002-S2001}
-----------------

A total of 13 paired breast cancer and adjacent noncancerous tissues were obtained from patients with breast cancer who underwent breast surgery in the Shanghai Pudong Hospital between from June 2017 to April 2019 with written informed consent in accordance with the Declaration of Helsinki were obtained from all the patients. None of these patients were subjected to chemotherapy or radiotherapy before surgery. This study was approved by the Institutional Ethical Committee of Shanghai Pudong Hospital.

Microarray Data and Discovery of Differential Methylation Position {#S0002-S2002}
------------------------------------------------------------------

DNA was extracted and purified using a Genomic DNA Extraction Kit (TaKaRa, Dalian, China). A bisulfite conversion reaction was employed through the EZ-96 DNA Methylation Kit (Zymo Research, Irvine, CA, USA). Samples were assayed on the Illumina Infinium Methylation EPIC BeadChip (Illumina Inc., San Diego, CA). EPIC experiments were performed following bisulphite conversion according to the manufacturer's protocol.[@CIT0018] β-value is the estimate of methylation level (β = methylated intensity/(methylated intensity + unmethylated intensity + 100)). After that, the differential methylation position (DMP) was screened using champ package. An adj.p.value \< 0.05 or \|delta beta\| ≥ 0.2 was set as criteria.

DNA Methylation Analysis by Quantitative Methylation Specific PCR (qMSP) {#S0002-S2003}
------------------------------------------------------------------------

Genomic DNA was extracted and purified using a Genomic DNA Extraction Kit (TaKaRa, Dalian, China). A bisulfite conversion reaction was employed through the EZ-96 DNA Methylation Kit (Zymo Research, Irvine, CA, USA). The unmethylated primers of cg24852548 were 5ʹ-GAGGTTGTAGAGTGGTAGAGTGG-3ʹ (Forward) and 5ʹ- ACAAATCACAAAAATAAATTCACC-3ʹ (Reverse). The methylated primers of cg24852548 were 5ʹ-GAGGTTGTAGAGCGGTAGAGTGG-3ʹ (Forward) and 5ʹ- AAATCGCGAAAATAAATTCGC-3ʹ (Reverse). The unmethylated primers of cg21899596 were 5ʹ-GGTGAGGGTTTGTGGAATTATT-3ʹ (Forward) and 5ʹ- AACCTCCCTCCCTAAACTAAACA-3ʹ (Reverse). The methylated primers of cg21899596 were 5ʹ-GTGAGGGTTCGCGGAATTA-3ʹ (Forward) and 5ʹ- ACCTCCCTCCCTAAACTAAACG-3ʹ (Reverse). The PCR reaction conditions were as follows: 98°C for 4 min, 40 cycles of 98°C for 30 s, 56°C for 30 s, and 72°C for 30 s, and then 72°C for 10 min. After that, agarose gel electrophoresis was performed. Finally, the blots were visualized by ultraviolet (UV) illumination.

Cell Culture {#S0002-S2004}
------------

Human normal breast cell line MCF-10A, human breast cancer cell lines MDA-MB-468, MCF-7, SKBR3, MDA-MB-231 and BT474 and 293T cell line were purchased from American Type Culture Collection (ATCC, Rockville, MD, USA). All these cell lines were maintained in DMEM (Thermo Fisher Scientific, Waltham, MA, USA) containing 10% fetal bovine serum (FBS) and 100 U/mL antibiotics (penicillin--streptomycin) at 37°C with 5% CO~2~.

Lentivirus Production and Exogenous HOPX Overexpression {#S0002-S2005}
-------------------------------------------------------

Lentiviral constructs of HOPX overexpression (lenti-HOPX) was obtained from GenePharma (Shanghai, China). After that, lenti-HOPX plasmids were transfected into 293T cells. After 72 h of incubation, cell supernatants were collected, and used for transfection (24 h) of MCF-7 and MDA-MB-468 cells with NC and lenti-HOPX supernatants respectively. Subsequently, cells were incubated with puromycin (2.5 μg/mL) to select stable HOPX-overexpression cells for another 48 h. RT-qPCR assay was used to verify the expression of HOPX in cells.

Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR) {#S0002-S2006}
----------------------------------------------------------------------

Total RNA samples were extracted from cultured cells using TRIzol reagent according to the manufacturer's instructions. For reverse transcription of mRNA, a PrimeScript RT reagent Kit (Takara Bio Inc. Shiga, Japan) was used to synthesize cDNA. After that, qPCR amplification was performed using the SYBR Premix Ex Taq II kit (Takara) on a Light Cycler 480 II Real-Time PCR system (Roche Diagnostics, Basel, Switzerland). The PCR primers were as follows: HOPX, forward: 5ʹ-CCTGGAGTACAACTTCAACAAGG-3ʹ; reverse: 5ʹ-CTGCTTAAACCATTTCTGGGTC-3ʹ. β-actin, forward: 5ʹ-GTCCACCGCAAATGCTTCTA-3ʹ; reverse: 5ʹ-TGCTGTCACCTTCACCGTTC-3ʹ. β-actin was used as the internal control for normalizing HOPX expression. Data were analyzed using the 2^--ΔΔCT^ method.

Cell Proliferation Assay {#S0002-S2007}
------------------------

Cell Counting Kit-8 (CCK-8, Dojindo) was used to determine the cell viability. MCF-7 and MDA-MB-468 cells (10,000 cells/well) were seed onto 96-well plates overnight at 37°C. After that, cells were infected with lenti-HOPX for 24, 48 and 72 h. Then, 10 μL CCK-8 reagent was added into each well followed by incubation at 37°C for 2 h. Subsequently, the absorbance was evaluated at 450 nm using a microplate Reader.

Flow Cytometric Analysis {#S0002-S2008}
------------------------

Apoptosis in MCF-7 and MDA-MB-468 cells were carried out by an Annexin V-FITC/PI Apoptosis Detection Kit (Sigma-Aldrich, St. Louis, USA). Cells were washed three times with pre-cold PBS, and then resuspended in binding buffer. After that, cells were stained with 5 μL of propidium iodide (PI) and Annexin V-FITC at room temperature for 15 min. Subsequently, a FACS Calibur flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA) was used to measure the percentage of apoptotic cells.

For analysis of cell cycle, cells were washed twice with pre-cold PBS, and then resuspended with 70% ethanol overnight at 4°C. After that, cells were stained with 1 mg/mL of PI/RNase Staining Buffer (BD Biosciences) in the dark for 30 min. Subsequently, a FACS Calibur flow cytometer was used to analyze the populations of cells in G0-G1, S and G2-M phases.

Transwell Invasion Assay {#S0002-S2009}
------------------------

Transwell invasion assay was performed using 24-well transwell matrigel-coated chambers (0.8 μm; Corning New York, NY, USA). 4 x 10^4^ MDA-MB-468 cells were suspended in 200 μL serum-free medium in the upper chamber. After that, 600 μL of DMEM medium containing 10% FBS was added into the lower chamber as the chemoattractant. After 24 h of incubation, cells adhering to the lower surface were fixed with 4% paraformaldehyde, and stained with 0.2% crystal violet at 24 h. The invaded cells were photographed under a laser confocal microscope (Olympus CX23 Tokyo, Japan).

Wound Healing Assay {#S0002-S2010}
-------------------

MDA-MB-468 cells were seed at 5 × 10^5^ cells per well in a 12-well culture plate and incubated overnight at 37°C. After that, a wound area was made using a 200 μL pipette tip by scratching cell monolayer. Later on, cells were infected with lenti-HOPX for 48 h. The width of the wound image was monitored by photographing at 0 h and 48 h using the fluorescence microscope (Olympus). Image J 1.47v software was used to determine the area of cell migration.

Western Blot Assay {#S0002-S2011}
------------------

Total proteins were quantified using BCA method (Beyotime Institute of Biotechnology), and proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Later on, the gels were transferred onto polyvinylidene difluoride (PVDF) membrane (Millipore, Billerica, MA, USA). After blocking in 5% skimmed milk in TBST for 1 h at room temperature, the membrane was incubated in primary antibodies against HOPX (1:1000), p21 (1:1000), cyclin D1 (1:1000), CDK4 (1:1000) and β-actin (1:1000) at 4°C overnight. Subsequently, the membranes were incubated with the secondary antibody (Abcam, 1: 5000) at room temperature for 1 h, and visualized using an electrochemiluminescence (Thermo Fisher Scientific). β-actin acted as the internal control. All antibodies were obtained from Abcam (Cambridge, MA, USA).

Animal Study {#S0002-S2012}
------------

4--6-weeks old BALB/c nude mice were purchased from the Hubei Provincial center for Laboratory Animal. Animals were randomized into two groups: control, HOPX-OE group. MDA-MB-468 cells or MDA-MB-468 cells stably expressing lenti-HOPX cells (1 × 10^7^ per mouse, in 100 μL of PBS) were injected subcutaneously into the left flank of nude mice respectively. Tumor volume was monitored every week with a digital caliper, and tumor volume were calculated using the formula V = (length x width^2^)/2 (Width \< Length). Animals were sacrificed in 4 weeks, and the entire tumors were isolated and weighed. All animal experiments were approved by the Institutional Ethical Committee of Shanghai Pudong Hospital, and animals were housed with a 12-hr light/dark cycle following the guidelines of the Institutional Animal Care and Use Committee.

Immunohistochemistry (IHC) Assay {#S0002-S2013}
--------------------------------

HOPX expression in tumor tissue was determined by IHC staining according to methods reported before.[@CIT0019] The slices were incubated with the primary antibodies overnight at 4°C, and then incubated with biotinylated goat anti-rabbit IgG for 30 min at room temperature. The IHC detection system (EnVision kit; Dako Japan) was used to visualize IHC reactions.

Statistical Analysis {#S0002-S2014}
--------------------

All data were repeated in triplicate. Data are presented as the mean ± standard deviation (S.D.). All statistical analyses were performed using GraphPad Prism software (version 7.0, La Jolla, CA, USA). One-way analysis of variance (ANOVA) and Tukey's tests were carried out for multiple group comparisons. For the comparison of two groups, Student's *t*-test was applied. \*P \< 0.05 was considered to be statistically significant.

Results {#S0003}
=======

Differentially Methylated CpG Sites Between Breast Cancer Tissues and Matched Adjacent Tissues {#S0003-S2001}
----------------------------------------------------------------------------------------------

To investigate the DNA methylome in breast cancer, 13 breast cancer tissues and 13 matched adjacent tissues were profiled through Illumina Infinium Methylation EPIC BeadChip. The Infinium Methylation EPIC BeadChip included 840776 CpG sites. Champ package was used to screen differential methylated CpG sites. Finally, a total of 13 differentially methylated CpGs in the HOPX promoter region were found between breast cancer tissues and matched adjacent tissues, including 4 hypermethylated and 9 hypomethylated CpGs ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}). In addition, the CpG sites (cg218995965 and cg24862548) in the HOPX promoter region showed significantly higher methylation in breast cancer tissues than that in the adjacent tissues.Figure 1Differentially methylated CpG sites between breast cancer tissues and matched adjacent tissues. (**A**) Heat map showing a distinguishable methylated CpG sites between breast cancer tissues and matched adjacent tissues. (**B**) Volcano plot of the differentially methylated CpG sites. The red spots represented hypermethylated CpG sites, and the green spots represented hypomethylated CpG sites. An adj.p.value \< 0.05 or \|delta beta\| ≥ 0.2 was set as criteria.

Detection of Methylation Sites Through Pyrosequencing {#S0003-S2002}
-----------------------------------------------------

Next, pyrosequencing was used to verify the DNA methylation status of HOPX promoter region in human normal breast cell line MCF-10A, and human breast cancer cell lines (MDA-MB-468, MCF-7, SKBR3, MDA-MB-231 and BT474). As shown in [Figure 2A](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}, and [[Supplementary Figure 1A](http://www.dovepress.com/get_supplementary_file.php?f=250404.docx)]{.ul} and [[1B](http://www.dovepress.com/get_supplementary_file.php?f=250404.docx)]{.ul}, the methylation levels of cg218995965 and cg24862548 were higher in MDA-MB-468, MCF-7, MDA-MB-231 and BT474 cells than that in the normal breast cell line MCF-10A, indicating that promoter region of HOPX exhibited methylation in 4 breast cancer cell lines except SKBR3. In addition, previous report indicated that HOPX played an important role in the development of human cancers.[@CIT0020] Thus, HOPX gene was selected for the subsequently experiments. These data suggested that the methylation level in the HOPX promoter region was much higher in breast cancer cells than human normal breast cells.Figure 2Detection of methylation sites through pyrosequencing. (**A** and **B**) MSP analysis of cg21899596 (HOPX promoter region) methylation in MCF-10A, MDA-MB-468, MCF-7 and SKBR3 cells. (**C** and **D**) MSP analysis of cg24862548 (HOPX promoter region) methylation in MCF-10A, MDA-MB-468, MCF-7 and SKBR3 cells. \*\*P \< 0.01, compared with the MCF-10A group.

Overexpression of HOPX Induced Apoptosis in Breast Cancer Cells {#S0003-S2003}
---------------------------------------------------------------

To determine the role of HOPX in breast cancer cells, we examined HOPX expression in human breast cancer cell lines (MCF-7, MDA-MB-468 and SKBR3 cells). Among these three breast cancer cell lines, HOPX expression was downregulated in MCF-7 and MDA-MB-468 cells compared with MCF-10A cells; in fact, there was no difference in HOPX level between SKBR3 cells and MCF-10A cells ([Figure 3A](#F0003){ref-type="fig"}).Figure 3Overexpression of HOPX induced apoptosis in breast cancer cells. (**A**) Relative expression of HOPX expression in breast cancer cell lines and normal breast cell line (**B**) The level of HOPX in MCF-7 and MDA-MB-468 cells infected with lenti-HOPX was detected using RT-qPCR. (**C**) MCF-7 and MDA-MB-468 cells were infected with lenti-HOPX for 0, 24, 48 and 72 h. CCK-8 assay was used to measure cell viability. (**D**) MCF-7 and (**E**) MDA-MB-468 cells were infected with lenti-HOPX for 72 h. Apoptotic cells were detected with Annexin V and PI double staining. \*\*P \< 0.01, compared with the NC group.

Having known HOPX is downregulated in MCF-7 and MDA-MB-468 cells, we then investigate the potential anti-cancer role of HOPX in breast cancer. We established breast cancer cell lines (MCF-7 and MDA-MB-468) with HOPX stable overexpression. As shown in [Figure 3B](#F0003){ref-type="fig"}, the level of HOPX was markedly upregulated in MCF-7 and MDA-MB-468 cells following infection with lenti-HOPX. In addition, upregulation of HOPX notably inhibited proliferation of MCF-7 and MDA-MB-468 cells ([Figure 3C](#F0003){ref-type="fig"}). Moreover, the apoptosis rate was significantly increased in MCF-7 and MDA-MB-468 cells following infection with lenti-HOPX ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). Meanwhile, upregulation of HOPX exhibited about 50.8 and 55.4% growth inhibition at 72 h in MCF-7 and MDA-MB-468 cells respectively ([Figure 3C](#F0003){ref-type="fig"}). MDA-MB-468 cells infected with lenti-HOPX exhibited lower cell viability at 72 h, compared with that of in MCF-7 cells. Therefore, MDA-MB-468 cells were utilized in the following experiments. These data indicated that upregulation of HOPX could inhibit proliferation and induce apoptosis of breast cancer cells.

Overexpression of HOPX Inhibited Migration and Invasion Abilities of Breast Cancer Cells {#S0003-S2004}
----------------------------------------------------------------------------------------

To investigate the effect of HOPX on migration and invasion of MDA-MB-468 cells, wound healing assay and transwell invasion assay were performed. As shown in [Figure 4A](#F0004){ref-type="fig"}, the migration ability of MDA-MB-468 cells was significantly reduced following infection with lenti-HOPX. In addition, overexpression of HOPX obviously suppressed invasion ability of MDA-MB-468 cells, compared with NC group ([Figure 4B](#F0004){ref-type="fig"}). These results suggested that upregulation of HOPX could inhibit migration and invasion of MDA-MB-468 cells.Figure 4Overexpression of HOPX inhibited migration and invasion abilities of breast cancer cells. (**A**) MDA-MB-468 cells were infected with lenti-HOPX for 48 h. Wound healing assay was used to detect cell migration ability. (**B**) MDA-MB-468 cells were infected with lenti-HOPX for 24 h. Transwell invasion assay was used to detect cell invasion ability. \*\*P \< 0.01, compared with the NC group.

Overexpression of HOPX Induced Cell Cycle Arrest in Breast Cancer Cells {#S0003-S2005}
-----------------------------------------------------------------------

Next, the protein expression and cell cycle distribution in HOPX-overexpression MDA-MB-468 cells were investigated by Western blot and flow cytometry assays. As indicated in [Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}, the expressions of HOPX and p21 were upregulated, while the levels of cyclin D1 and CDK4 were downregulated in MDA-MB-468 cells following infection with lenti-HOPX. In addition, flow cytometry assay indicated that MDA-MB-468 cells infected with lenti-HOPX displayed a significant increase in the cell percentages of G0/G1 phase but decreased proportions in S phase compared with MDA-MB-468 cells ([Figure 5C](#F0005){ref-type="fig"} and [D](#F0005){ref-type="fig"}). These data indicated that overexpression of HOPX could induce G0/G1 cell cycle arrest in breast cancer cells.Figure 5Overexpression of HOPX induced cell cycle arrest in breast cancer cells. MDA-MB-468 cells were infected with lenti-HOPX for 72 h. (**A**) Expression levels of HOPX, p21, cyclin D1 and CDK4 in MDA-MB-468 cells were detected with Western blotting. (**B**) The relative expressions of HOPX, p21, cyclin D1 and CDK4 in MDA-MB-468 cells were quantified via normalization to β-actin. (**C** and **D**) Cell cycle distribution was determined using flow cytometry. \*\*P \< 0.01, compared with the NC group.

Upregulation of HOPX Inhibited Tumor Growth in MDA-MB-468 Xenografts in vivo {#S0003-S2006}
----------------------------------------------------------------------------

Next, to investigate the role of HOPX in the regulation of breast cancer tumor growth in vivo, a mouse MDA-MB-468 subcutaneous xenograft model was established. As indicated in [Figure 6A](#F0006){ref-type="fig"}--[C](#F0006){ref-type="fig"}, overexpression of HOPX markedly suppressed the tumor volume and tumor weight, compared with control group. Moreover, IHC assay indicated that lenti-HOPX obviously increased the expressions of HOPX and p21 in tumor tissues ([Figure 6D](#F0006){ref-type="fig"}). These results suggested that upregulation of HOPX could inhibit the tumor growth of MDA-MB-468 xenografts in vivo.Figure 6Upregulation of HOPX inhibited tumor growth in MDA-MB-468 xenografts in vivo. (**A**) Tumor volumes of animals were monitored weekly. (**B**) Xenografts tumors were photographed and (**C**) tumor weights of animals were calculated. (**D**) Expression levels of HOPX and p21 in tumor tissues were detected with IHC. Scale bars are 50 μm. \*\*P \< 0.01, compared with the control group.

Discussion {#S0004}
==========

Evidences have been shown that the molecular and cellular pathogenesis of tumor is commonly associated with tumor suppressor gene inactivation and oncogene activation.[@CIT0021],[@CIT0022] In addition, inactivation of tumor suppressor gene is associated with epigenetic modification, including DNA methylation.[@CIT0023] DNA methylation biomarkers can be used as prognostic markers for the treatment of human cancers.[@CIT0024] Therefore, exploring potential DNA methylation biomarkers is very important and urgently needed.

In this study, differentially methylated CpG sites between breast cancer tissues and adjacent tissues were selected. The data indicated that a total of 13 differentially methylated CpGs in the HOPX promoter region were found between breast cancer tissues and adjacent tissues, including 4 hypermethylated and 9 hypomethylated CpGs. In addition, the CpG sites (cg218995965 and cg24862548) in the HOPX promoter region showed significantly higher methylation in breast cancer tissues. Kikuchi et al indicated that HOPX was downregulated in human breast cancer cell lines, and promoter methylation of HOPX is frequent in breast cancer cells.[@CIT0025] In addition, Ooizumi et al indicated that HOPX is silenced by promoter DNA hypermethylation in papillary thyroid cancer.[@CIT0026] Our data verified that promoter region of HOPX in CpG islands exhibited higher methylation in four breast cancer cell lines except SKBR3, which was consistent with previous study.[@CIT0025] In addition, the expression of HOPX was downregulated in MCF-7 and MDA-MB-468 cells, indicating that the epigenetic silencing is involved in suppression of HOPX expression. These data indicated that the methylation state of the HOPX promoter was much higher in breast cancer cells than that in human normal breast cells, and breast cancer cells with low expression of HOPX was due to the hypermethylation of the HOPX promoter.

However, the mechanism by which HOPX regulates the proliferation, apoptosis and invasion of breast cancer remains unknown. Our data found that overexpression of HOPX significantly inhibited proliferation, and induced apoptosis of estrogen receptor (ER) positive MCF-7 and ER-negative MDA-MB-468 cells. These data indicated that anti-tumor effect of HOPX on breast cancer is associated with the methylation status of HOPX promoter, but is not related to intracellular ER expression. Moreover, overexpression of HOPX markedly suppressed migration and invasion abilities of breast cancer cells. Yap et al reported that overexpression of HOPX could inhibit the proliferation and migration in head and neck cancer cells.[@CIT0027] Ooki et al studied that HOPX promoter hypermethylation was found in gastric cancer as well, and upregulation of HOPX obviously inhibited proliferation and induced apoptosis of gastric cancer cells.[@CIT0028] These data indicated that HOPX functioned as a tumor suppressor in breast cancer.

It is well documented that cell cycle dysregulation is one of the most important characteristics of tumor cells.[@CIT0029] Waraya et al found that overexpression of HOPX not only induce cell cycle arrest in G1 stage in pancreatic cancer cells but also inhibit invasive ability of cells.[@CIT0030] The arrest of cancer cells at G0/G1 phase could prevent cell proliferation.[@CIT0031] Our data found that overexpression of HOPX markedly induced G0/G1 phase arrest in MDA-MB-468 cells via upregulation of p21 and downregulation of cyclin D1 and CDK4, which was consistent with previous study. These data indicated that HOPX functioned as a tumor suppressor in breast cancer via inducing cell cycle arrest.

Conclusion {#S0005}
==========

Collectively, our study indicated that HOPX, a tumor suppressor that is epigenetically silenced in breast cancer, can suppress cell proliferation, and induce apoptosis and cell cycle arrest in breast cancer cells. Therefore, HOPX might be a potential biomarker for the treatment of breast cancer.
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